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ABSTRACT 
A NASA-sponsored r e s e a r c h  and  development 
c o n t r a c t   h a s  been e s t a b l i s h e d   w i t h   t h e  
Watkins-Johnson Company t o   f a b r i c a t e  
h i g h - e f f i c i e n c y   2 0 - w a t t   h e l i c a l   t r a v e l i n g  wave 
tubes   (TWT 's )   ope ra t i ng   a t  8.4 t o  8.43 GHz. 
The  TWT's employ  dynamic v e l o c i t y   t a p e r s  
(DVT's)  and  advanced  mult istage  depressed 
c o l l e c t o r s  (MDC's) h a v i n g   e l e c t r o d e s   w i t h   l o w  
s e c o n d a r y   e l e c t r o n   e m i s s i o n   c h a r a c t e r i s t i c s .  
The TWT d e s i g n s   i n c l u d e   t w o   d i f f e r e n t   D V T ' s ;  
one f o r  maximum e f f i c i e n c y  and t h e   o t h e r   f o r  
minimum d i s t o r t i o n  and  phase s h i f t .  The MDC 
d e s i g n s   i n c l u d e   e l e c t r o d e s  o f  u n t r e a t e d  and 
i o n - t e x t u r e d   g r a p h i t e   a s   w e l l  as copper   which 
h a s   b e e n   t r e a t e d   f o r   s e c o n d a r y   e l e c t r o n  
emiss ion   suppress ion .   Ob jec t i ves   o f   t he  
p r o g r a m   i n c l u d e   a c h i e v i n g   a t   l e a s t  5 5  p e r c e n t  
o v e r a l l   e f f i c i e n c y .   T e s t s   w i t h   t h e   f i r s t  
TWT's ( w i t h   u n d e p r e s s e d   c o l l e c t o r s )   i n d i c a t e  
good  agreement  between  predicted  and  measured 
RF e f f i c i e n c i e s   w i t h  as   h igh  as  30 p e r c e n t  
improvement i n  RF e f f i c i e n c y   o v e r   c o n v e n t i o n a l  
h e l i x   d e s i g n s .  

INTRODUCTION 

I m p r o v i n g   t h e   o v e r a l l   e f f i c i e n c y  and s i g n a l  
q u a l i t y   o f   m i c r o w a v e   a m p l i f i e r   t r a v e l i n g - w a v e  
tubes  (TWT's) i s  an o n g o i n g   e f f o r t   a t   t h e  NASA 
Lewis  Research  Center. To f u r t h e r   t h e s e  
o b j e c t i v e s ,  a research  and development 
c o n t r a c t   h a s  been e s t a b l i s h e d   w i t h   t h e  
Watkins-Johnson Company o f   P a l o   A l t o ,  
C a l i f o r n i a   t o   d e v e l o p  a s p a c e - q u a l i f i a b l e ,  
h i g h - e f f i c i e n c y   h e l i c a l   2 0 - w a t t  TWT o p e r a t i n g  
a t  8.4 t o  8.43 GHz w i t h   a t   l e a s t  55 p e r c e n t  
e f f i c i e n c y  and h a v i n g   e x c e l l e n t   s i g n a l  
q u a l i t y .   T h i s   f r e q u e n c y  was se lected  because 
i t  i s  used f o r   t h e  Deep Space  Network,  a NASA 
u n i q u e   a p p l i c a t i o n   t h a t   r e q u i r e s   t h e   u t m o s t   i n  
e f f i c i e n c y .  The TWT's under  development will 
inco rpo ra te   two   advanced   techno log ies ;   t he  
dynamic v e l o c i t y   t a p e r  (DVT) ( r e f .   1 )   a n d   t h e  
m u l t i s t a g e   d e p r e s s e d   c o l l e c t o r  (MDC) h a v i n g  
e l e c t r o d e   s u r f a c e s   w i t h   l o w   s e c o n d a r y   e l e c t r o n  
e m i s s i o n   c h a r a c t e r i s t i c s .  Two d i f f e r e n t  
DVTls, the   des igns   o f   wh ich   have been p r o v i d e d  
by NASA L e w i s ,   a r e   t o   b e   u s e d   i n   t h e   p r o  ram, 
w i t h  one   des igned   fo r  maximum e f f i c i e n c y   ? t u b e  
A )  and t h e   o t h e r   d e s i g n e d   t o   p r o v i d e   f o r  
minimum s i g n a l   d i s t o r t i o n  and  phase s h i f t  
w h i l e   t o l e r a t i n g  some s a c r i f i c e   i n   e f f i c i e n c y  
(Type B). Each DVT i s   c h a r a c t e r i z e d   b y  a 

c o n t i n u o u s   r e d u c t i o n   i n   h e l i x   p i t c h   f r o m   i t s  
n o m i n a l   v a l u e   i n t h e   o u t p u t   s e c t i o n   o f   t h e  TWT 
t o   t h e  end o f   t h e   h e l i x .  The i n p u t  end o f  
H e l i x  Type A was des igned   fo r   op t imum  ga in   by  
s m a l l - s i g n a l   t h e o r y   w h i l e   t h e   i n p u t   e n d   o f  
h e l i x  Type B was des igned   by   sma l l - s igna l  
t h e o r y   f o r   s m a l l   p h a s e   l a g .   B o t h   h e l i x  
c i r c u i t s  have  the same o v e r a l l   l e n g t h  and 
sha re   t he  same t u b e   p a r t s   e x c e p t   f o r   t h e  MDC 
and the   spent -beam  re focus ing   sec t ions .  The 
s p e n t   e l e c t r o n  beams produced  by   the  Type A 
and B D V T ' s   a r e   s u f f i c i e n t l y   d i f f e r e n t   t h a t  an 
MDC was s p e c i f i c a l l y   d e s i g n e d   f o r  each. The 
e l e c t r i c a l   d e s i g n s   f o r   t h e  MDC's  were  a lso 
p rov ided   by  NASA Lewis.  Both TWT des igns  
i nco rpo ra te   spen t  beam r e f o c u s i n g   s e c t i o n s  
( r e f .  2 )  as   we l l  as low  secondary   e lec t ron  
emiss ion   e lec t rode  sur faces .   Three 
d i m e n s i o n a l   l y - i d e n t i c a l   f o u r - s t a g e  MDC's wi 11 
b e   f a b r i c a t e d   f o r   e a c h   o f   t h e   t w o  TWT 
designs.  One each o f   t h e s e  MDC's will have 
mach ined   (bu t   o the rw ise   un t rea ted )   e lec t rodes  
o f   h i g h - p u r i t y   i s o t r o p i c   g r a p h i t e   ( r e f . 3 ) ,  
another  will h a v e   i o n - t e x t u r e d   g r a p h i t e  
e l e c t r o d e s   ( r e f .  31, and t h e   t h i r d  will have 
e l e c t r o d e s   o f   h i g h - p u r i t y   c o p p e r  
s p e c i a l l y - t r e a t e d   t o   s u p p r e s s   s e c o n d a r y  
e l e c t r o n   e m i s s i o n .  The i o n - t e x t u r i n g  and 
copper   t rea tment   p rocedures  will be  per formed 
a t  NASA Lewis. TWT's i n c o r p o r a t i n g  
p r e l i m i n a r y   v e r s i o n s   o f   t h e   t w o  DVT t y p e s  
descr ibed  have been f a b r i c a t e d  !y t h e  
Watkins-Johnson Company and t e s t e d   w i t h   t h e  
s p e n t   e l e c t r o n  beam c o l l e c t e d   i n  a 
s ing le -s tage   undepressed   co l l ec to r .  The 
r e s u l t s   o f   t h e s e   t e s t s   i n d i c a t e   v e r y  good 
agreement  between  predicted and 
exper imenta l ly -measured RF e f f i c i e n c i e s  and 
improvement  by as much  as 30 pe rcen t   ove r  
c o n v e n t i o n a l   c i r c u i t s .  

TWT DESIGNS FEATURES 

The Watkins-Johnson WJ-3618 TWT, a 40-wat t  
s p a c e - q u a l i f i e d   h e l i x   c o m m u n i c a t i o n s  TWT 
opera t i ng   ove r   se lec ted   f requency   ranges  
i n c l u d i n g  7.2 t o  8.4 GHz, was s e l e c t e d   t o  
m o d i f y   t o   t h e   r e q u i r e m e n t s   o f   t h i s   p r o g r a m .  
The mod i f i ed   20 -wa t t  TWT, des ignated  now as 
t h e  WJ-3716 TWT, i n c o r p o r a t e s  DVT's  designed 
t o  maximize RF e f f i c i e n c y   ( T y p e   A )  and  produce 
minimum d i s t o r t i o n  and  phase s h i f t   ( T y p e  6 ) .  
B r i e f l y ,   t h e  RF i n t e r a c t i o n   s e c t i o n   o f   t h e  TWT 
c o n s i s t s   o f  a s e c t i o n   o f   c o n s t a n t - p i t c h   h e l i x  
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from t h e   s i g n a l   i n p u t   p o i n t   t o  a sever, 
f o l l o w e d   b y   a n o t h e r   s e c t i o n   o f   h e l i x   w i t h   t h e  
same c o n s t a n t   p i t c h   f r o m   t h e   s e v e r   t o   t h e  
b e g i n n i n g   p o i n t   o f   t h e  DVT h e l i x .  The DVT 
p o r t i o n   o f   t h e   h e l i x   t h e n   c a r r i e s   t h e  RF s i g n a l  
t o   t h e   o u t p u t   p o r t   o f   t h e  TWT. The DVT 
d e c r e a s e s   t h e   p i t c h   i n   t h e   o u t p u t   c i r c u i t   o f  
t h e  TWT, s l o w i n g   t h e   c i r c u i t  wave. P r o p e r l y  
designed, t h i s   " t a p e r i n g "   r e s u l t s   i n   b e t t e r  
s y n c h r o n i z a t i o n   b e t w e e n   t h e   c i r c u i t  wave  and 
e l e c t r o n   b u n c h e s   t h a n   c a n   b e   r e a l i z e d   w i t h  a 
c o n s t a n t   h e l i x   p i t c h .  A summary o f   o b j e c t i v e  
c h a r a c t e r i s t i c s   f o r   b o t h  Type A and  Type B 
WJ-3716 TWT's appears i n   T a b l e  I. 

The c o n s t a n t   p i t c h   s e c t i o n s  o f  t h e   h e l i x   f o r  
t h e  Type A WJ-3618 TWT, d e s i g n e d   f o r  maximum 
e f f i c i e n c y ,   a r e   s u c h   t h a t   t h e   P i e r c e   v e l o c i t y  
p a r a m e t e r ,   b y   ( r e f ' s  4 and 5 )   i s  0.75. T h i s  
d e s i g n   p o i n t   i s   i n d i c a t e d   i n   f i g u r e  1, wh ich  
d i s p l a y s   t h e   P i e r c e   s m a l l   s i g n a l   f a c t o r   a s  a 
f u n c t i o n   o f   t h e   v e l o c i t y   p a r a m e t e r   f o r   t h e  
WJ-3618 TWT. I n   t h e   o u t p u t   s e c t i o n  o f  t h e  
h e l i x ,   w h e r e   t h e   s i g n a l   s t r e n g t h   r a p i d l y  
i n c r e a s e s ,   t h e   h e l i x   p i t c h   i s   c o n t i n u o u s l y  
tapered i n   t h e  manner p r e s c r i b e d   b y  Kosmahl  and 
P e t e r s o n   ( r e f .   1 )   t o   m a i n t a i n   t h e   e f f e c t i v e  
v a l u e   o f  b near  0.75. The p i t c h   d i s t r i b u t i o n  
f o r   t h i s  DVT des ign  i s  shown i n   f i g u r e  2. I n  
t h i s   c o n f i g u r a t i o n ,   t h e  number o f   t u r n s   p e r  
i n c h   o f   t h e   h e l i x   i n c r e a s e s   f r o m   a b o u t  65.3 t o  
74.1 o v e r   t h e   l e n g t h   o f   t h e   o u t p u t   s e c t i o n .  
The p r e d i c t e d   i n c r e a s e   i n  RF e f f i c i e n c y  
r e s u l t i n g   f r o m   t h e   u s e   o f   t h e  DVT r e l a t i v e   t o  
t h a t   o f  a c o n s t a n t   p i t c h   h e l i x   c i r c u i t   i s  shown 
i n   f i g u r e  3 as a f u n c t i o n   o f   i n p u t  power. 

F o r   t h e  WJ-3716 TWT Type B y  d e s i g n e d   f o r  
minimum d i s t o r t i o n  and  phase s h i f t ,   t h e  
c o n s t a n t - p i t c h   s e c t i o n s   o f   t h e   h e l i x   a r e   s u c h  
t h a t   t h e   P i e r c e   v e l o c i t y   p a r a m e t e r ,   b y   i s  -0.5, 
w e l l   i n t o   t h e   r e g i o n   w h e r e   s m a l l   s i g n a l   t h e o r y  
p r e d i c t s   r e l a t i v e l y   s m a l l   p h a s e   l a g .   T h i s  
d e s i g n   p o i n t   i s   i n d i c a t e d   o n   t h e   s m a l l   s i g n a l  
g a i n   a g a i n s t   v e l o c i t y   p a r a m e t e r   r e l a t i o n s h i p  
curve  shown i n   f i g u r e  1. The DVT f o r   t h i s  TWT 
i s  n o t   d e s i g n e d   t o   m a i n t a i n   t h e   i n p u t   h e l i x  
v a l u e   o f   t h e  b p a r a m e t e r ,   b u t   i n s t e a d   a d j u s t s  b 
t o w a r d   t h e   v a l u e   f o r   o p t i m u m   e f f i c i e n c y .  The 
i n t e n t   o f   t h i s   p r o c e d u r e   i s   t o   m a i n t a i n  
e x c e l l e n t   s i g n a l   q u a l i t y   w h i l e   s t i l l   a c h i e v i n g  
h i g h   e f f i c i e n c y .  The  Type B DVT p i t c h  
d i s t r i b u t i o n   i s  shown i n   f i g u r e  2, where t h e  
h e l i x   t a p e r s   f r o m   a b o u t  60.5 t o  7 6 . 0   t u r n s   p e r  
i n c h   o v e r   t h e   o u t p u t   l e n g t h .  The p r e d i c t e d  RF 
e f f i c i e n c y   c h a r a c t e r i s t i c s   f o r   t h e  Type B DVT 
design, shown  as a f u n c t i o n   o f   i n p u t  power i n  
f i g u r e  3, d i s p l a y  an i m p r e s s i v e   i n c r e a s e   o v e r  
t h o s e   o f   t h e  same TWT w i t h  a h e l i x   o f   c o n s t a n t .  
p i t c h .  

All t h e   s p e c i f i c a t i o n s   o f   t h e  WJ-3618 TWT, 
w i t h t h e   e x c e p t i o n s   o f   h e l i x   p i t c h  and l e n g t h ,  
were  used i n   t h e  DVT d e s i g n s   f o r   t h e  WJ-3716 
TWT descr ibed  here.  A l a r g e - s i g n a l  , 
two-dimensional   computer  program  developed  by 
D e t w e i l e r   ( r e f .   6 )  was employed t o   d e s i g n   t h e  
DVT's  and r e f o c u s i n g   s e c t i o n s   ( r e f .   2 )   u s e d   t o  

c o n d i t i o n   t h e   s p e n t   e l e c t r o n  beam f o r  optimum 
i n p u t   t o   t h e  M D C ' s .  

S i g n i f i c a n t   d i f f e r e n c e s   b e t w e e n   t h e   s p e n t  beam 
c o n d i t i o n s   o f   t h e  Type A and B TWT's r e q u i r e d  
t h e   d e s i g n   o f  a d i f f e r e n t   f o u r - s t a g e  MDC f o r  
e a c h .   F u r t h e r ,   t h e   d i f f e r e n c e   i n   s p e n t  beam 
e x i t   c o n d i t i o n s   f r o m   t h e   t w o  TWT t y p e s  
r e s u l t e d   i n   s e p a r a t e   r e f o c u s i n g   s e c t i o n  
des igns  as w e l l .  The MDC designs  were 
pe r fo rmed   w i th   t he   use   o f  a computer  program 
deve loped  by   Her rmannsfe ld t   ( re f .   7 )   and  a lso  
i n c l u d e d   t h e   c o n s i d e r a t i o n   o f   t h e   e f f e c t   o f  
t he   secondary   e lec t ron   em iss ion  
c h a r a c t e r i s t i c s   o f   t h e   c o l l e c t o r   e l e c t r o d e  
s u r f a c e s   ( r e f .  8) .  The des ign   p rocedure  
p r e d i c t s   t h e   e l e c t r o n   t r a j e c t o r i e s  and 
e l e c t r i c   f i e l d   p o t e n t i a l s   w i t h i n   t h e  
c y l i n d r i c a l l y   s y m m e t r i c a l   b o u n d a r i e s   o f   t h e  , 

MDC e n v e l o p e .   I n p u t   i n f o r m a t i o n   t o   t h e  
c a l c u l a t i o n   p r o c e d u r e   i n c l u d e s  MDC e l e c t r o d e  
g e o m e t r y ,   p o s i t i o n s   a n d   v e l o c i t i e s   o f   t h e  
e n t e r i n g   e l e c t r o n s ,   a n d   t h e   p o t e n t i a l s   a p p l i e d  
t o   t h e   i n d i v i d u a l   e l e c t r o d e s .   V a r i o u s  
e lec t rode   des igns ,   spac ings ,   and   po ten t i a l  
d i s t r i b u t i o n s   s t a r t i n g   w i t h  
exper ience-d ic ta ted  ar rangements  were 
i n t e r a t i v e l y   e v a l u a t e d   u n t i l   t h e  maximum 
p r e d i c t e d   v a l u e s   o f   c o l l e c t o r   e f f i c i e n c y   w e r e  
a t t a i n e d ,   c o u p l e d   w i t h   m i n i m u m   e l e c t r o n   b a c k  
s t reaming.  A compu te r   g raph ic   rep resen ta t i on  
o f   t h e  MDC e l e c t r o d e   c o n f i g u r a t i o n  and 
e l e c t r o n   t r a j e c t o r i e s   f o r   t h e  MDC f o r   t h e  Type 
A WJ-3716 TWT i s  shown i n   f i g u r e  4 ( a ) .  The 
p h y s i c a l   d e s i g n   f o r   t h a t  MDC i s  shown i n  
f i g u r e  4 ( b ) .  The p h o t o g r a p h   o f  an e a r l y  
model o f  a Type A TWT presented  i n   f i g u r e  5 
i l l u s t r a t e s   t h e   g e n e r a l   s i z e  a n d   c o n f i g u r a t i o n  
o f   t h e  TWT's be ing   deve loped i n   t h i s  program. 

The M D C ' s  used i n   t h i s  program will employ 
e l e c t r o d e s   h a v i n g   s u r f a c e s   w i t h   l o w   s e c o n d a r y  
e l e c t r o n   e m i s s i o n   c h a r a c t e r i s t i c s .  A s  
d e s c r i b e d   e l s e w h e r e   i n   t h i s   p a p e r ,   t h r e e  
d i m e n s i o n a l l y - i d e n t i c a l  M D C ' s  will be 
f a b r i c a t e d   f o r   e a c h   o f   t h e   t w o  TWT types .  One 
each o f   t h e s e  M D C ' s  will have  simply-machined 
h i g h - p u r i t y   i s o t r o p i c   g r a p h i t e   e l e c t r o d e s ,  and 
another  will h a v e   i o n - t e x t u r e d   e l e c t r o d e s   o f  
t h e  same mate r ia l .   Re fe rence  3 p r e s e n t s  a 
d e t a i l e d   d e s c r i p t i o n   o f   t h e s e   m a t e r i a l s  and 
some e x p e r i m e n t a l l y   d e t e r m i n e d   r e s u l t s   o f  
t h e i r   p e r f o r m a n c e   i n   f u l l - s c a l e  MDC t e s t s .  A 
t h i r d  MDC f o r  each TWT t y p e  will i n c o r p o r a t e  
h i g h - p u r i t y   c o p p e r   e l e c t r o d e s   w h i c h  will have 
b e e n   s u r f a c e   t r e a t e d   f o r   s e c o n d a r y   e l e c t r o n  
emiss ion  suppress ion.  The s p e c i f i c   s u r f a c e  
t r e a t m e n t   f o r   t h e s e   c o p p e r   e l e c t r o d e s   h a s   n o t  
as y e t  been  determined,  but  will be  se lec ted  
from  one o f   t h r e e   p r o m i s i n g   p r o c e s s e s .  Two o f  
t h e s e   p r o c e s s e s ,   t h e   s p u t t e r - a p p l i c a t i o n   o f  
h i g h l y - t e x t u r e d   c a r b o n   ( r e f .   3 )   a n d   t h e  
a r c - d i s c h a r g e   a p p l i c a t i o n   o f  a t h i n   c o a t i n g  of 
roughened  carbon  ( re f .  9 )  , have  been we1 1 
s t u d i e d  and  have  been  demonstrated t o   b e   v e r y  
e f f e c t i v e .  The t h i r d   p o s s i b l e   c h o i c e   i s   t h e  
i o n - t e x t u r i n g   o f   t h e   c o p p e r   s u r f a c e   i t s e l f   b y  
means o f  a method  cur ren t ly   be ing   deve loped.  
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The f i r s t   o f   t h e  Type A and B TWT's mated w i t h  
s ing le   s tage  undepressed  co l lec to rs   have  been 
f a b r i c a t e d   a t   t h e   W a t k i n s - J o h n s o n  company. In 
h o t   t e s t i n g ,   t h e y   h a v e  shown good  agreement 
be tween   p red ic ted  and  measured RF 
e f f i c i e n c i e s .   F u r t h e r ,   t h e   c i r c u i t s   h a v e  
d i s p l a y e d  as h i g h  as 30 percent  improvement i n  
RF e f f i c i e n c y   o v e r   c o n v e n t i o n a l   c o n s t a n t - p i t c h  
h e l i x   d e s i g n s .   T a b l e   I 1   p r e s e n t s  some s e l e c t e d  
t e s t   r e s u l t s   f o r   t h e   f i r s t   o f  each  type  TWT 
o p e r a t i n g   a t  1 0 0   p e r c e n t   d u t y   c y c l e   a t  8.4 
GHz. Wh i le   t he   exper imen ta l l y -de te rm ined  beam 
t r a n s m i s s i o n   e f f i c i e n c y   i s   l e s s   t h a n   d e s i r e d   a t  
p r e s e n t ,   t h e   m e a s u r e d   p h a s e   s h i f t  
c h a r a c t e r i s t i c s   m u s t   b e   r e g a r d e d  as q u i t e  
e n c o u r a g i n g   a t   t h i s   s t a g e   i n   t h e   p r o g r a m .  
Fu r the r ,   t he   measured   va lues   o f  beam e f f i c i e n c y  
f o r   b o t h  Type A and B TWT's a r e   c o n s i d e r e d   t o  
b e   q u i t e   s a t i s f a c t o r y   a t   t h i s   p o i n t .   W i t h   t h e  
s c h e d u l e d   a d d i t i o n   o f   t h e   h i g h - e f f i c i e n c y  MDC's 
t o   t h e   t u b e s ,   r e a c h i n g   o r   e x c e e d i n g   t h e   p r o g r a m  
g o a l   o f  55 p e r c e n t   o v e r a l l   e f f i c i e n c y   i s  
cons idered t o  have a v e r y   h i g h   p r o b a b i l i t y   o f  
success f o r   b o t h  TWT types .  
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TABLE I .  - OBJECTIVE CHARACTERISTICS OF WJ-3716 
TVT  TYPES A AND B 

Frequency, GHz ...................... 8.4 t o  8.43 
Min .  s a t .  RF o u t p u t  power i n  band, W . . ....... 20 
O v e r a l l   e f f i c i e n c y ,  percent  .................. 55 
Satu ra ted   ga in  (Type A ) ,  dB .................. 48 
Beam t r a n s m i s s i o n   a t   s a t u r a t i o n ,   p e r c e n t  . ... >99 
Dispenser   cathode t y p e  ........................ M 
Cathode  vo l tage,  kV ................... 4 or l e s s  
Heater  power, W ............................. 3 . 4  
Beam f o c u s i n g  . . . . . . . . .  pe r iod i c   pe rmanen t  magnet 

Design l i f e t i m e ,  years ...................... >10 
Refocusing  system . . . . .  p e r i o d i c  permanent magnet 

-1 0 1 2 
b 

F i g u r e  1 .  - P ie rce  s m a l l   s i g n a l  g a i n  f a c t o r  x1 
as a f u n c t i o n  o f  v e l o c i t y  f a c t o r  b f o r   t h e  
WJ-3618 TWT, show ing   t he   he l i x  i npu t  sec t i on  
d e s i g n   p o i n t s   f o r   t h e  WJ-3716 TWT's. 
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H e l i x   l e n g t h ,   i n c h e s  

F i g u r e  2. - DVT h e l i x   p i t c h   d i s t r i b u t i o n   f o r  
WJ-3716 TWT's. 
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( a )   E l e c t r o n   t r a j e c t o r y   t r a c e s  

(b) Assembly 

F i g u r e  5. - Type A WJ-3716 TWT w i t h  undepressed 

la tl 
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Inpu t  pbrrter, p i n ,   a r b i t r a r y   u n i t s  

F i g u r e  3.. - P r e d i c t e d  RF e f f i c i e n c y  as a 
f u n c t i o n   o f   i n p u t  power f o r  WJ-3617 TWTIs 
with and  w i thout   DVT 's .  

c o l l e c t o r   ( a t   l e f t )   p r i o r   t o   i n s t a l l a t i o n  of 
permanent  magnets i n   i n t e r a c t i o n  and  re focus ing 
s e c t   i o n s .  
TABLE I I .  - SELECTED  TEST  RESULTS FROM FIRST 

WJ-3716 TWT'S AT 8.4 GHz AND 100 PERCENT 
DUTY  CYCLE 

I TWT  TYPE 1 PARAMETER 
A 

H e l i x   v o l t a g e ,   v o l t s  31  50 
Beam c u r r e n t ,  mA 32 
Sa tu ra ted   ga in ,  dB 51.. 71 
Beam e f f i c i e n c y ,   p e r c e n t  24.4 
Sa tu ra ted  RF o u t p u t  

power, dB, 43.91 
H e l i x   c u r r e n t ,  mA 1.5 
Beam t r a n s m i s s i o n  

e f f i c i e n c y ,   p e r c e n t  95.3 
Phase s h i f t   a t  

s a t u r a t i o n ,  deg/dB 4.84 

41 .O 
25.2 

1.25 
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